12 United States Patent

Ueno et al.

US009545919B2

(10) Patent No.:
45) Date of Patent:

US 9,545,919 B2
Jan. 17, 2017

(54) CONTROL DEVICE FOR HYBRID VEHICLE

(71) Applicant: Mitsubishi Jidosha Kogyo Kabushiki
Kaisha, Tokyo (IP)

(72) Inventors: Hiroaki Ueno, Okazaki (JP); Toshiyuki
Miyata, Okazaki (IP)

(73) Assignee: MITSUBISHI JIDOSHA KOGYO
KABUSHIKI KAISHA, Tokyo (JP)

(*) Notice: Subject to any disclaimer, the term of this

patent 1s extended or adjusted under 35
U.S.C. 154(b) by O days.

(21)  Appl. No.: 14/567,454

(22) Filed: Dec. 11, 2014
(65) Prior Publication Data
US 2015/0166057 Al Jun. 18, 2015
(30) Foreign Application Priority Data
Dec. 13, 2013 (IP) oo 2013-258637
(51) Int. CL
B6OW 20/00 (2016.01)
B6OW 10/06 (2006.01)
B6OW 10/08 (2006.01)
B6OW 10/30 (2006.01)
B60K 6/442 (2007.10
BoOW 50/029 (2012.01)
(52) U.S. CL
CPC .............. B6OW 20/50 (2013.01); B60K 6/442

(2013.01); B60W 10/06 (2013.01); B6OW
10/08 (2013.01); B6OW 10/30 (2013.01);

B60W 2050/0295 (2013.01); B6OW 2510/0619
(2013.01); B60W 2560/02 (2013.01); YO2T
10/6234 (2013.01); YO2T 10/6286 (2013.01);
YO2T 10/7077 (2013.01); Y10S 903/93
(2013.01)

GENERA ||+ |
’ F v OOO 25
TRAGT

(38) Field of Classification Search

None
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

5,949,146 A * 9/1999 VandenBerghe ........ FO2B 63/04
123/339.19

6,173,569 B1* 1/2001 Kusada .................... B60K 6/24
180/65.235

6,470,854 B1* 10/2002 Hirata ................... FO2D 31/005
123/436

6,519,513 B2* 2/2003 Nakagawa ............... B60K 6/48
701/108

6,700,213 B1* 3/2004 Kumagal ............... B60K 6/485
180/65.1

6,820,603 B2* 11/2004 Yasul .................... FO2D 11/105
123/399

6,931,836 B2* &/2005 Stemert ............... FO2D 41/1475
123/305

(Continued)

FOREIGN PATENT DOCUMENTS

JP 2001-3803 A 1/2001

Primary Examiner — Jonathan M Dager

(74) Attorney, Agent, or Firm — Birch, Stewart, Kolasch
& Birch, LLP

(57) ABSTRACT

A control device for a hybrnid vehicle, which can inhibit

damage to an exhaust purification catalyst and also suppress
deterioration of drivability, 1s provided. The control device
exercises catalyst protective control, which inhibits opera-
tion of an engine and drives a traction motor, if a state where
an exhaust air-fuel ratio detected by an exhaust air-fuel ratio
detection unit 1s lean continues for a first predetermined time
or longer.
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1
CONTROL DEVICE FOR HYBRID VEHICLLE

The entire disclosure of Japanese Patent Application No.

2013-258637 filed Dec. 13, 2013 1s expressly incorporated
by reference herein.

TECHNICAL FIELD

This 1nvention relates to a control device for a hybrd
vehicle equipped with an engine (internal combustion
engine) and a traction motor (electric motor) as a drive
source.

BACKGROUND ART

An engine loaded on a vehicle 1s generally subjected to
teedback control so that the air-fuel ratio of exhaust becomes
a target air-fuel ratio, based on the results of detection by an
exhaust air-fuel ratio sensor (for example, an O, sensor or a
linear air-fuel ratio sensor (LAFS)) provided in an exhaust
pipe.

However, 11 the amount of fuel remaining in a fuel tank 1s
small, for example, fuel supply may be insuflicient, and the
exhaust air-fuel ratio may continue to be lean. I such a lean
state of the exhaust air-fuel ratio persists, there 1s a possi-
bility that the exhaust air-fuel ratio sensor will be errone-
ously judged to be abnormal, and the engine cannot be
controlled appropriately.

A solution to the above-mentioned problems 1s a technol-
ogy comprising switching judgment conditions for judging
an abnormality 1n a system according to the amount of tuel
remaining within a fuel tank, thereby preventing a tempo-
rary abnormal phenomenon, which occurs owing to a
decrease 1n the remaining amount of fuel, from being
erroneously judged to be an abnormality 1n the system (see
Patent Document 1).

PRIOR ART DOCUMENTS

Patent Documents

|Patent Document 1| JP-A-2001-3803

SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

An erronecous judgment of an abnormality 1n an exhaust
air-fuel ratio sensor or the like associated with a decrease 1n
the remaining amount of fuel can be prevented, for example,
by the technology described in Patent Document 1.

If the lean state of the exhaust air-fuel ratio continues
because of a decrease 1in the fuel remaiming amount, how-
ever, there may be a trouble aside from the above erroneous
judgment. For example, the persistent leanness of the
exhaust air-fuel ratio due to the decreased remaining amount
of fuel 1s likely to raise the exhaust gas temperature, thus
posing the problem of damaging an exhaust purification
catalyst.

As a method for preventing such damage to the exhaust
purification catalyst, 1t 1s conceivable to stop the engine it
the state of the exhaust air-fuel ratio being lean continues. In
the case of the vehicle traveling by the driving force of the
engine, however, 1t 1s diflicult to stop the engine while the
vehicle 1s traveling.

In the case of a hybrid vehicle equipped with a traction
motor together with an engine, 1t 1s possible to stop the

10

15

20

25

30

35

40

45

50

55

60

65

2

engine while the vehicle 1s traveling. Unnecessary stoppage
of the engine, however, may deteriorate drivability. In stop-
ping the engine, therefore, 1t 1s required to detect, accurately,
that the cause of the lean exhaust air-fuel ratio 1s a decrease
in the fuel remaining amount.

The present invention has been accomplished 1n the light
of the above-mentioned situations. It 1s an object of this
invention to provide a control device for a hybrid vehicle,
the control device being capable of inhibiting damage to an
exhaust purification catalyst and also suppressing deterio-
ration of drivability.

Means for Solving the Problems

A first aspect of the present invention for solving the
above problems 1s a control device for a hybrnid vehicle
equipped with an engine and a traction motor and having an
exhaust purification catalyst in an exhaust passage, the
control device comprising: an exhaust air-fuel ratio detec-
tion unmit, provided in the exhaust passage, for detecting the
exhaust air-fuel ratio of the engine; and a protective control
unit for exercising catalyst protective control which mhibits
operation of the engine and drives the traction motor 1f a
state, where the exhaust air-fuel ratio detected by the exhaust
air-fuel ratio detection unit 1s lean, continues for a first
predetermined time or longer.

According to the first aspect mentioned above, 1t 1s
possible to detect, accurately, whether or not the lean state
of the exhaust air-fuel ratio 1s due to a decrease in the
remaining amount of fuel, and exercise catalyst protective
control with a suitable timing.

A second aspect of the present imnvention 1s the control
device for a hybrid vehicle according to the first aspect,
further comprising a complete explosion detection unit for
detecting that complete explosion of the engine has occurred
when the engine 1s started, wherein the protective control
unit exercises the catalyst protective control after a lapse of
a second predetermined time from detection of the complete
explosion of the engine by the complete explosion detection
unit.

According to the second aspect, even at the start of the
engine, a state where the exhaust air-tuel ratio becomes lean
in accordance with a decrease 1n the remaining amount of
fuel can be accurately determined, and protective control
over the catalyst can be performed with a more suitable
timing.

A third aspect of the present ivention i1s the control
device for a hybrid vehicle according to the second aspect,
wherein the protective control unit prolongs the second
predetermined time as the time from the start of the engine
until the detection of the complete explosion of the engine
by the complete explosion detection unit lengthens.

According to the third aspect, a state where the exhaust
air-fuel ratio becomes lean in accordance with a decrease 1n
the remaining amount of fuel can be determined more
accurately.

A Tourth aspect of the present invention 1s the control
device for a hybrid vehicle according to any one of the first
to third aspects, turther comprising an o1l supply detection
umt for detecting that o1l supply to a fuel tank has been
performed, wherein the protective control umit discontinues
the execution of the catalyst protective control when the
execution of the o1l supply 1s detected by the o1l supply
detection unit.
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According to the fourth aspect, catalyst protective control
can be terminated with a proper timing.

Eftects of the Invention

According to the present invention, as described above,
catalyst protective control 1s exercised with an appropriate

timing, whereby a rise in the exhaust temperature associated
with a decrease 1n the fuel remaining amount can be sup-
pressed. Eventually, damage to the exhaust purification
catalyst due to the rise 1n the temperature of exhaust can be
prevented. Moreover, unnecessary exercise ol catalyst pro-
tective control can be prevented to suppress deterioration of

drivability.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic view showing an example of a
hybrid vehicle according to Embodiment 1 of the present
invention.

FIG. 2 1s a block diagram showing the schematic con-
figuration of a control device according to Embodiment 1 of
the present mnvention.

FIG. 3 1s a flowchart showing an example of catalyst
protective control according to Embodiment 1 of the present
invention.

FIG. 4 1s a block diagram showing the schematic con-
figuration of a control device according to Embodiment 2 of
the present ivention.

FIG. 5 1s a flowchart showing an example of catalyst
protective control according to Embodiment 2 of the present
invention.

MODE FOR CARRYING OUT THE INVENTION

Embodiments of the present invention will be described in
detail with reference to the accompanying drawings.
(Embodiment 1)

As shown in FIG. 1, a hybrid vehicle (may hereinaiter be
referred to simply as “vehicle”) 10 according to the present
embodiment has, as a drive source for traveling, a traction
motor 11 and an engine 12. The traction motor 11 1s
connected to front wheels 14 via a power transmission
mechanism 13. A high voltage battery 16 1s connected to the
traction motor 11 via an 1nverter (motor inverter) 15.

The engine 12 1s driven by combustion of fuel supplied
from a fuel tank 17. The engine 12 i1s connected to a
generator (electric power generator) 19 via an output system
18. The generator 19 1s connected to the high voltage battery
16 via the iverter (generator inverter) 15. The output
system 18 1s connected to the generator 19 on one hand, and
1s also connected to the power transmission mechanism 13
via a clutch 21 on the other hand.

The tuel tank 17 1s connected via a fuel pipe 22 to an o1l
filler port 23 provided 1n a vehicle body, and fuel 1s supplied
through the o1l filler port 23. The o1l filler port 23 1s closed
with a lid 24 together with an mner lid (not shown). The lid
24 1s opened by operating a predetermined switch (not
shown).

The vehicle 10 1s also equipped with a control device 30
for controlling, overall, various units loaded on the vehicle
10. The control device 30 grasps the operating state of the
vehicle 10 based on signals from various sensors provided in
the vehicle 10, and generally controls the various units based
thereon.

In an exhaust pipe 25 connected to the engine 12, for
example, an exhaust purification catalyst 26 such as a
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three-way catalyst 1s iterposed. Upstream of the exhaust
purification catalyst 26, there 1s provided a linear air-fuel
ratio sensor (LAFS) 27 which 1s an exhaust air-fuel ratio
detection unit for detecting an exhaust air-fuel ratio (oxygen
concentration). In accordance with the results of detection
by the linear air-fuel ratio sensor 27, the control device 30
exercises feedback control over a fuel mjection volume or
the like so that the exhaust air-fuel ratio becomes a target
air-fuel ratio.

Such feedback control can usually bring the exhaust
air-fuel ratio to a value close to the target air-fuel ratio.
However, 1f the amount of remaining fuel decreases, for
example, the exhaust air-fuel ratio may enter a lean state. If
the lean state of the exhaust air-fuel ratio continues, there 1s
a possibility that the exhaust temperature will rise, causing
damage to the exhaust purification catalyst 26. Since the
exhaust air-fuel ratio 1s lean, moreover, the engine 12 may
misfire. As a result, the unburned fuel may flow into the
exhaust pipe, causing an oxidation reaction within the
exhaust pipe, thereby raising the temperature of the exhaust
gas to damage the exhaust purification catalyst 26.

As will be described 1n detail below, theretore, the control
device 30 eflects catalyst protective control to inhibit the
operation of the engine 12, thereby suppressing damage to
the exhaust purification catalyst 26. 11 the catalyst protective
control 1s performed to a degree greater than required,
however, problems may occur, such as the approprate
action of the engine 12, or deterioration of drivability. Thus,
the control device 30 accurately determines a state where the
exhaust air-fuel ratio becomes lean owing to a decrease 1n
the remaimning amount of fuel. Based on the results of
determination, the control device 30 exercises catalyst pro-
tective control with an appropriate timing.

Concretely, the control device 30 includes a protective
control unit 31 for performing catalyst protective control, as
shown 1 FIG. 2. The protective control unit 31 has a
detennination unit 32 and a protective control execution unit
33. In the present embodiment, the control device 30 further
includes a fuel supply detection unit 34.

The determination unit 32 makes a determination of
whether or not a state where the exhaust air-fuel ratio
detected by the linear air-fuel ratio sensor (LAFS), the
exhaust air-fuel ratio detection unit, 1s lean continues for a
first predetermined time or longer (1.¢., a continuation time
determination). The first predetermined time may be decided
on, as appropriate, depending on the properties of the engine
12, and 1s set at a time of the order of several seconds, for
example.

If the determination unit 32 determines that the state of the
exhaust air-fuel ratio being lean continues for the first
predetermined time or longer, the protective control execu-
tion unit 33 executes catalyst protective control, inhibits the
operation of the engine 12, and drives the traction motor 11.

The hybnid vehicle 10 according to the present embodi-
ment has a plurality of travel modes. Concretely, the vehicle
10 has an EV travel mode 1n which the traction motor 11
serves as a drive source, a series travel mode 1n which the
engine 12 1s used as an electric power supply source for the
traction motor 11, and a parallel travel mode 1n which the
front wheels 14 of the vehicle 10 are driven by the drniving
forces of both the traction motor 11 and the engine 12. Any
ol these travel modes 1s selected, as appropnate, depending
on the operating state.

When the protective control execution unit 33 exercises
catalyst protective control, the EV travel mode 1s selected
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regardless of the operating state of the vehicle. As a result,
the operation of the engine 12 i1s mhibited, whereas the
traction motor 11 1s driven.

The tuel supply detection unit 34 detects that fuel supply
to the tuel tank 17 has been performed. When the execution
of fuel supply 1s detected by the fuel supply detection unit
34 , the protective control execution unit 33 discontinues the
execution of catalyst protective control. This 1s because the
execution of fuel supply eliminates the leanness of the
exhaust air-fuel ratio due to the remaining amount of fuel. A
method for detecting the execution of fuel supply i1s not
limited, but 1t 1s judged that tuel supply has been carried out,
for example, when the lid 24 1s closed.

Next, an example of the catalyst protective control
according to the present embodiment will be described by
reference to a tlowchart shown 1n FIG. 3.

When 1t 1s detected by the linear air-fuel ratio sensor
(LAFS) 27 that the exhaust air-fuel ratio 1s lean, with the
engine 12 being started (Step S11: Yes), a determination 1s
made as to whether or not the state where the exhaust air-fuel
ratio 1s lean continues for the first predetermined time or
longer (continuation time determination). Concretely, 1n
Step S12, the first predetermined time 1s measured with a
timer or the like (not shown). Then, 1n Step S13, 1t 1s
determined whether or not the state where the exhaust
air-tfuel ratio 1s lean continues. If the state where the exhaust
air-fuel ratio 1s lean continues (Step S13: Yes), a catalyst
protective control execution flag 1s set at “1” 1n Step S14. IT
the state where the exhaust air-fuel ratio 1s lean 1s not
continued (Step S13: No), on the other hand, the catalyst
protective control execution tlag 1s set at “0”” 1n Step S15. In
case the leanness of the exhaust air-tuel ratio 1s not detected
in Step S11 (Step S11: No), the program proceeds to Step
S15, and the catalyst protective control execution flag 1s set
at “0”.

Then, the program proceeds to Step S16, whereupon
catalyst protective control 1s or 1s not exercised depending
on the catalyst protective control execution tlag. That 1s,
when the catalyst protective control execution flag has been
set at “1” (Step S16: Yes), catalyst protective control 1s
ellected to switch the travel mode to the EV travel mode
regardless of the operating state of the vehicle (Step S17).
When the catalyst protective control execution flag has been
set at “0” (Step S16: No), catalyst protective control 1s not
cllected, and the travel mode 1s switched, as appropriate,
depending on the operating state of the vehicle.

Then, the presence or absence of fuel supply 1s deter-
mined 1n Step S18. When the execution of fuel supply 1s
detected (Step S18: Yes), catalyst protective control is
discontinued (Step S19), and switching of the travel mode
depending on the operating state of the vehicle takes place
again.

As described above, 1n the present embodiment, 1t 1s
determined accurately by the determination unit 32 whether
or not the state where the exhaust air-fuel ratio 1s lean results
from a decrease 1n the remaining amount of fuel. According
to the results of determination, therefore, the protective
control execution unit 33 can exercise catalyst protective
control with a suitable timing. Thus, a rise in the exhaust
temperature associated with the decrease 1n the fuel remain-
ing amount can be suppressed, with the result that damage
to the exhaust purification catalyst 26 due to the elevation of
the exhaust temperature can be prevented. Furthermore,
unnecessary execution of catalyst protective control can be
prevented to suppress the deterioration of drivabaility.
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(Embodiment 2)

FIG. 4 1s a block diagram of a control device for a hybrid
vehicle according to Embodiment 2 of the present invention.

The present embodiment 1s an example 1n which a timing,
for exercising catalyst protective control 1s adjusted accord-
ing to the combustion state of the engine 12 at the time of
staring the engine 12. Concretely, it 1s an example 1n which
after a lapse of a second predetermined time from detection
of the complete explosion of the engine 12 at the time of
starting the engine 12, determination by a determination unit
32 1s made, and catalyst protective control 1s exercised based
on the results of determination.

As shown 1n FIG. 4, a control device 30 according to the
present embodiment further includes a complete explosion
detection unit 35 1n addition to the determination unit 32 and
a protective control execution unit 33, which constitute a

protective control unit 31, and a fuel supply detection unit
34.
The complete explosion detection unit 35 detects that

complete explosion of the engine 12 has taken place at the
time of starting the engine 12. A method of detecting the
complete explosion of the engine 12 1s not limited, but the
complete explosion of the engine 12 may be determined, for
example, based on the engine torque, or based on the angular
velocity detected by a crank angle sensor.

The determination unit 32 makes “continuation time
determination”, as 1 Embodiment 1, after a lapse of the
second predetermined time from the detection of the com-
plete explosion of the engine 12 by the complete explosion
detection unit 35. In the present embodiment, the second
predetermined time 1s always set at a constant time regard-
less of the timing with which complete explosion of the
engine 12 1s detected. The second predetermined time 1s not
limited, and may be decided on, as appropnate, for example,
according to the properties of the engine 12.

The protective control execution unit 33 exercises catalyst
protective control 11 1t 1s determined upon the “continuation
time determination” that the state where the exhaust air-fuel
ratio 1s lean continues for the first predetermined time, as in
the case of Embodiment 1.

By adopting the features of the present embodiment
described above, the state of the exhaust air-fuel ratio
becoming lean 1n association with a decrease in the amount
of remaining fuel can be accurately determined even at the
time of starting the engine. In accordance with this deter-
mination, catalyst protective control can be eflected with an
appropriate timing.

When the engine 1s started for the first time after produc-
tion of the vehicle or after servicing of the fuel system of the
engine, for example, there 1s a case where no fuel 1s present
within the fuel line. In this case, a state where the exhaust
air-fuel ratio 1s lean continues until tuel 1s filled 1nto the fuel
line. That 1s, at the first start of the engine after vehicle
production or the like, the state where the exhaust air-fuel
ratio 1s lean continues for a longer time than at the usual start
of the engine.

According to the control device 30 for a hybrid vehicle
concerned with the present embodiment, catalyst protective
control can be exercised with a suitable timing even at the
initial start of the engine after vehicle production or the like.
That 1s, continuation time determination by the determina-
tion unit 32 1s carried out after a lapse of the second
predetermined time from the detection of engine complete
explosion. By so doing, the state where the exhaust air-fuel
ratio 1s lean as a result of a decrease 1n the remaining fuel
amount can be accurately determined. Based on this deter-
mination, catalyst protective control can be effected with an
appropriate timing.
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Even at the start of the engine, therefore, a rise in the
exhaust temperature due to a decrease in the amount of

remaining fuel can be suppressed, so that damage to the
exhaust purification catalyst ascribed to the elevation of the
exhaust temperature can be inhibited. Moreover, unneces-
sary execution of catalyst protective control can be pre-
vented to suppress deterioration of drivability.

Next, an example of catalyst protective control according
to the present embodiment will be described by reference to
a flowchart shown 1n FIG. 5.

When the engine 12 1s started by operating an 1gnition key
or the like, for example, 1t 1s determined 1n Step S1 whether
or not the complete explosion of the engine 12 has occurred.
That 1s, 1t 1s determined whether or not the complete
explosion of the engine 12 has been detected by the com-
plete explosion detection unit 35. If 1t 1s determined that the
engine 12 has completely exploded (Step S1: Yes), the
program proceeds to Step S2, starting measurement of the
second predetermined time by a timer or the like. In Step S3,
it 1s determined whether or not the second predetermined
time has passed. If the second predetermined time has
passed (Step S3: Yes), the program proceeds to Step S11 to
execute catalyst protective control with a predetermined
timing. The processings in Step S11 and subsequent steps
are the same as those in Embodiment 1, and so their
explanations are omuitted.

According to the control device 30 for a hybrid vehicle
concerned with the present embodiment, as described above,
continuation time determination by the determination unit
32 1s carried out after the lapse of the second predetermined
time from the detection of complete explosion of the engine
12. By so doing, the state where the exhaust air-fuel ratio 1s
lean as a result of a decrease 1n the remaining fuel amount
can be accurately determined. Even at the start of the engine
12, catalyst protective control can be effected with an
appropriate timing based on this determination.

In the present embodiment, the second predetermined
time 1s always set at a constant time. However, 1t 1s preferred
to render the second predetermined time longer as the time
until detection of the complete explosion of the engine 12
lengthens. By this measure, the state where the exhaust
air-fuel ratio 1s lean 1n accordance with a decrease in the
remaining fuel amount can be determined more accurately.

The present invention has been described above in regard
to some embodiments thereot, but 1t 1s to be understood that
the present invention 1s in no way limited to these embodi-
ments. The present invention can be changed or modified, as
appropriate, without departing from its spirit and scope.

EXPLANAITIONS OF LETTERS OR NUMERALS

10 Vehicle (hybrid vehicle)

11 Front motor

12 Engine

13 Power transmission mechanism
14 Front wheel

16 High voltage battery

17 Fuel tank

18 Output system

19 Generator

21 Clutch

22 Fuel pipe

23 Oal filler port

24 [ad

25 Exhaust pipe

26 Exhaust purification catalyst
27 Linear air-fuel ratio sensor

10

15

20

25

30

35

40

45

50

55

60

65

30 Control device

31 Protective control unit

32 Determination unit

33 protective control execution unit
34 O1l supply detection unit

35 Complete explosion detection unit

The mvention claimed 1s:

1. A controller for a hybnid vehicle equipped with an
engine and a traction motor and having an exhaust purifi-
cation catalyst in an exhaust passage, comprising:

an exhaust air-fuel ratio detection unit, provided in the
exhaust passage, for detecting an exhaust air-fuel ratio
of the engine during an operation of the engine; and

a protective controller determining that the remaining
amount of fuel 1n the fuel tank 1s low when the detected
exhaust air-fuel ratio continues to be lean for a first
predetermined period of time, and exercising a catalyst
protective control which inhibits the operation of the
engine and drives the hybrid vehicle only by the
traction motor.

2. The controller for a hybnid vehicle according to claim

1, turther comprising;:

a complete explosion detection unit for detecting that
complete explosion of the engine has occurred when
the engine 1s started,

wherein the protective controller determines that a tuel
line between the fuel tank and the engine 1s filled with
fuel and exercises the catalyst protective control after a
lapse of a second predetermined period of time from

detection of the complete explosion of the engine by
the complete explosion detection unait.

3. The controller for a hybnid vehicle according to claim
2, wherein

the protective controller extends the second predeter-
mined period of time as a time from start of the engine
until the detection of the complete explosion of the
engine by the complete explosion detection unit
becomes longer.

4. The controller for a hybnid vehicle according to claim

1, further comprising:

a fTuel supply detector detecting that fuel supply to a fuel
tank from a fuel filler part of the hybrid vehicle has
been performed,

wherein the protective controller discontinues execution
of the catalyst protective control when completion of
the fuel supply 1s detected by the fuel supply detector.

5. A controller for a hybrid vehicle, the vehicle having at
least one of travel modes including a series mode 1n which
an engine 1s used as an electric power supply source for a
traction motor, and a parallel mode 1n which both of the
traction motor and the engine are used as a drive source for
the vehicle, the vehicle further having an electric vehicle
(EV) mode 1n which a battery 1s used as an electric power
supply source for the traction motor,

the controller comprising:

an exhaust air-fuel ratio detection unit, provided 1n an
exhaust passage from the engine, for detecting an
exhaust air-fuel ratio of the engine during an operation
of the engine; and

a protective controller determining that the remaining
amount of fuel 1n the fuel tank 1s low when the detected
exhaust air-fuel ratio continues to be lean for a first
predetermined period of time, and exercising a catalyst
protective control which switches the travel mode to
the EV mode and inhibiting the operation of the engine,
such that the hybrid vehicle 1s driven only by the
traction motor.
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6. The controller for a hybrid vehicle according to claim
5, further comprising:
a complete explosion detection unit for detecting that
complete explosion of the engine has occurred when
the engine 1s started, 5
wherein the protective controller determines that a fuel
line between the fuel tank and the engine 1s filled with
fuel and exercises the catalyst protective control after a
lapse of a second predetermined period of time from
detection of the complete explosion of the engine by 10
the complete explosion detection unit.
7. The controller for a hybnid vehicle according to claim
6, wherein
the protective controller extends the second predeter-
mined period of time as a time from start of the engine 15
until the detection of the complete explosion of the
engine by the complete explosion detection unit
becomes longer.
8. The controller for a hybnid vehicle according to claim
5, Turther comprising: 20
a fuel supply detector detecting that fuel supply to a fuel
tank from a fuel filler part of the hybrid vehicle has
been performed,
wherein the protective controller discontinues execution
of the catalyst protective control when completion of 25
the fuel supply 1s detected by the fuel supply detector.
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